INTRODUCTION {#sec1-1}
============

Periodontal disease is among the infectious disease caused by micro-organisms that colonize the tooth surfaces at or below the gingival margins. These micro-organisms lead to the destruction of the periodontal ligament and alveolar bone that surrounds the teeth thus causing loss of attachment to the tooth. Moreover, when these micro-organisms are attached on the tooth surface in microbial communities, they form a layer, known as dental plaque.

The overall pattern observed in dental plaque development is a very characteristic shift from the early predominance of Gram-positive, facultative micro-organisms to the later predominance of Gram-negative anaerobic micro-organisms, as the plaque mass accumulates and matures.\[[@ref1]\]

Analysis of these periodontal pathogens is becoming an important aspect of diagnosis and treatment of periodontal diseases. However, bacterial culturing is expensive technique, sensitive and requires substantial time for completion,\[[@ref2]\] and some organisms will not grow reliably on available culture media. Darkfield and phase contrast microscopic analysis can detect number of micro-organisms and their morphotypes, but have limited application due to their inability to fully specify these micro-organisms. Microscopic evaluation can also be helpful in detecting mobile organisms but is not effective in identifying periodontal pathogens, which are nonmotile.\[[@ref3]\]

Until date, the diagnostic tools are based upon enzymes diagnostic markers and DNA probes in order to identify specific periodontopathic bacteria, so as to enforce preventive and therapeutic measures toward disease control.

BANA-Enzymatic test™ kit (Ora Tec Corporation, Manassas, USA) \[[Figure 1](#F1){ref-type="fig"}\] is a rapid and reliable chair side diagnostic test, which can be performed in about 15 min time, that can give information about the presence of three of the putative pathogens in subgingival plaque samples, that is, *Porphyromonas gingivalis*, *Treponema denticola* and *Tannerella forsythia* that share unique ability of hydrolyzing the trypsin substrate, BANA.

![BANA-Enzymatic™ test kit](JISP-19-401-g001){#F1}

Loesche *et al.* studied a strong relationship between a BANA positive reaction and high levels of plaque spirochetes.\[[@ref4]\] Vandana showed the variation of BANA positive micro-organisms in adult periodontitis before and after initial periodontal therapy.\[[@ref2]\]

In this clinical study, attempt had been made to detect the BANA micro-organisms before and after scaling and root planning in individual suffering from adult periodontitis, using the BANA-Enzymatic™ test kit.

MATERIALS AND METHODS {#sec1-2}
=====================

A prospective, microbiological study was planned on 20 patients (80 sites), having periodontitis and were selected on the basis of clinical examination. The criteria for the selection of the patient were:

Age group with 35--55 yearsHaving no systemic diseasesSubjects are not having any local or systemic antimicrobial and anti-inflammatory therapy for last 6 monthsNo history of smoking or tobacco chewingPregnant women or lactating women were not selected for studyNo periodontal therapy is other than standard prophylaxis during the previous 6 months.

Each patient had a minimum of 4 sites (permanent molars from each quadrant) of periodontal pockets measuring 5--7 mm in depth. The following clinical parameters, that is, plaque index (Silness and Loe),\[[@ref5]\] bleeding index (Ainamo and Bay)\[[@ref6]\] and periodontal pocket depth was analyzed on 0 day, that is, before treatment and 1 month after treatment.

Data analyzed employed Chi-Square test for comparison of BANA-Enzymatic™ test score at baseline and after 1 month. The accuracy of test was expressed using following formula: Sensitivity, true positive (TP)/(TP + false negative \[FN\]); specificity, true negative (TN)/(false positive \[FP\] + TN); Overall accuracy, prevalence × sensitivity + (1 − prevalence) × specificity where prevalence is TP + FN/(TP + FP + TN + FN).

Principle of N-benzoyl-DL-arginine-2-napthylamide-Enzymatic™ test {#sec2-1}
-----------------------------------------------------------------

Anaerobic bacteria contain enzymes that can hydrolyze peptides, but only *P. gingivalis*, *T. denticola*, and *T. forsythia* possess significant amounts of a unique enzyme. Taking advantage of these unique characteristic, researchers at the University of Michigan developed a synthetic peptide, BANA to detect the presence of the shared enzyme.

The BANA-Zyme™ reagent strips are plastic cards to which separate reagent containing matrices are affixed. The lower matrix is impregnated with BANA. Subgingival plaque samples were applied to the lower matrices. The upper reagent matrix contains a chromogenic diazo reagent (fast black K). Peptidase in certain anaerobic micro-organisms associated with periodontal diseases can hydrolyze the peptide analog BANA. The upper reagent matrix, which reacts from BANA by bacterial enzyme reacts with fast black K forming a permanent blue color. The blue color of a positive or weak positive reaction appears in the upper matrix and is permanent.\[[@ref7]\]

Blood, and saliva do not hydrolyze BANA and do not interfere with the test, but blood in the sample may obscure the visualization of the blue color.

Specimen collection and preparation {#sec2-2}
-----------------------------------

The information of the desired tooth and sites were recordedSupragingival plaque was removed and discarded prior to sampling. First series of subgingival plaque samples were obtained by the means of a curette from the most apical portion of the periodontal pocket. Each sample was applied on the reagent matrix affixed to the lower portion of the strip in a location corresponding to the number of the tooth where the specimen was taken \[[Figure 2](#F2){ref-type="fig"}\]Before taking another specimen, wipe the curette on a clean cotton gauze pad to prevent carry-over of plaqueAfter sampling all desired sites, moisten the upper pad of the test strip (salmon colored pad) with distilled water using an autoclaved cotton swabThe reagent strip was folded at the crease mark so that the upper and lower matrices meetThe reagent strip was then placed into one of the two top slots of the BANA-Zyme™ processor and heated for 15 min at 55°C ± 5°C. The processor cycle begins when the indicator light comes on. Incubation is complete when the bell sounds \[[Figure 3](#F3){ref-type="fig"}\]The lower portion of the test strips was separated from the upper strip and discardedThe upper strip showed a blue color reaction and it was permanent. This was then compared with the sample chart on the BANA-Enzymatic™ test bottle label \[[Figure 4](#F4){ref-type="fig"}\].

![BANA -Zyme™ reagent strip with subgingival plaque sample](JISP-19-401-g002){#F2}

![Incubation of N-benzoyl-DL-arginine-2-napthylamide-Zyme™ reagent strip for 15 min at 55°C ± 5°C](JISP-19-401-g003){#F3}

![Interpretation chart](JISP-19-401-g004){#F4}

Weak Positive: Small faint trace of blue coloration on a pale red-brown background.

Positive: Patches of blue coloration somewhat larger and darker than weak positive on a pale red-brown background.

Negative: No blue color observable on a pale red-brown background.

If the BANA Test is negative in the presence of clinical disease, two possibilities exist:

It might be a technical error due to poor sampling technique or handlingIt\'s possible that the infection involves non-BANA bacterial species.

In these cases, the BANA Test should be repeated making sure that an adequate plaque sample has been taken and carefully tested.

The upper strips were sealed with nonporous transparent tape and stored in plastic albums individuallyAfter taking plaque samples from the selected sites and first series of plaque sampling for the BANA-Enzymatic™ test, a conventional nonsurgical periodontal treatment was done to manage periodontal disease, that is, full mouth scaling and root planning without any prescription of antibiotics and mouthwashesSecond series of subgingival plaque samples were obtained from the same selected sites after 1 month and were subjected for BANA-Enzymatic™ test.

The results obtained from both the series of samples were subjected for statistical analysis.

RESULTS {#sec1-3}
=======

The data were tabulated and analyzed using the SPSS version 16.0 SPSS Inc. Chicago.

The plaque index, bleeding index and pocket depths were analyzed before and after 1 month of initial periodontal treatment and reduction in their mean values were observed with *P* \< 0.001 that is, statistically highly significant \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of mean values of pocket depth, plaque index and bleeding index at baseline and after 1-month

![](JISP-19-401-g005)

At baseline, that is, before treatment, 0 site showed "negative" (0.0%), 15 sites showed "weak positive" (18.8%) and 65 sites showed "positive" (81.3%). After treatment, that is, after 1 month, 27 sites showed "negative" (33.8%), 22 sites showed "weak positive" (27.5%) and 31 sites showed "positive" (38.8%). These analyzes were made using Chi-square test that showed marked reduction in bacterial count after treatment \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of BANA-Enzymatic™ test scores at baseline and after 1-month

![](JISP-19-401-g006)

Assessment of validity of BANA test reflected a sensitivity of 92--95%, specificity of 36--75% and overall accuracy of 70--89%, using validity test \[[Table 3](#T3){ref-type="table"}\].

###### 

Comparison of validity test of BANA-Enzymatic™ test results

![](JISP-19-401-g007)

DISCUSSION {#sec1-4}
==========

Periodontal infection is a Gram-negative, anaerobic oral infection. The bacteria responsible for this condition are capable of producing a variety of biochemical inflammatory markers that directly affect the host. Bacterial plaque contributes to the periodontal breakdown by direct injury to tissue and by stimulating host mediated responses that results in tissue destruction; direct injury is caused by both endotoxins and exotoxins produced by the bacterial mass and enzymes, secreted by bacteria to facilitate its penetration by breaking down the structure barrier.\[[@ref8]\]

Considerable interest has been developed in methods of detecting periodontopathogens in plaque samples with the development of the diagnostic systems.\[[@ref9]\] A diagnostic test should be useful, ideally leading to a choice of treatment that would confer benefits upon the patient. It should be simple and aimed at identifying certain forms of periodontal disease associated with some predominant periodontopathogens, which possess few common characteristics. Instead of identifying individual bacterial species on the basis of these common characteristics, a group of micro-organisms can be detected for diagnosis of periodontal disease. Here, BANA-Enzymatic test™ screen subgingival plaque samples for trypsin-like proteolytic activity that is common to only few known periodontopathogens such as *P. gingivalis*, *T. denticola*, and *T. forsythia*.

Most of the clinical studies showed a strong relationship between a BANA positive reaction and high levels of plaque spirochetes.\[[@ref4]\] However, there are possibilities that other plaque species and host enzyme could be contributing to this reaction. Screening of 255 strains from 51 species does not hydrolyze BANA, that is, demonstrated a uniform BANA negative reaction, and several *Capnocytophaga* species were variable in giving a weak BANA reaction. Though BANA hydrolyze activity was found in *Capnocytophaga* species, it could be associated with the BANA reaction because *Capnocytophaga* species were found in very low proportions in both the BANA positive and BANA negative results.\[[@ref7]\]

It had been seen that BANA hydrolysis by plaque samples has the potential to be the marker of periodontal morbidity as assessed by probing depth measurements and by plaque proportions of spirochetes.\[[@ref10]\]

The plaque sample is often contaminated with ground clutter filter (GCF) and/or blood, but neither blood, saliva nor GCF was found to be able to hydrolyze BANA.\[[@ref2]\]

A positive BANA test indicates more spirochetal load than bacterial load, as indicated by the ability of the BANA test to identify subgingival plaque with elevated spirochetes, but not elevated bacteria in the treated patients. Bretz and Loesche agreed with the previous data, which showed that BANA positive test in subgingival plaque occurred only when appreciable levels of spirochetes were present.\[[@ref11]\]

Limitation of the BANA test is, firstly, it does not identify which of the three BANA positive species is present in plaque, but since they all are anaerobic species, it should enable the clinician to diagnose an anaerobic infection, and only such a diagnose could be useful for the treatment and management of periodontal disease of the patient. Secondly, to preserve the shelf life of the test strips, ensure that top to the dispensing bottle is tightly closed on the bottle after removing a test strip, and the desiccant is contained within the dispensing bottle. Thirdly, the unavailability of this kit in India.

The presence of a BANA positive plaque around a tooth site at the conclusion of the initial periodontal treatment indicates still presence of higher proportions of anaerobic bacteria in the periodontal pocket as a residual infection. This is also indicative of the future attachment loss, which is having potentially greater clinical significance.\[[@ref2]\]

N-benzoyl-DL-arginine-2-napthylamide test kit result is showing weak positive reaction in four sites before treatment exhibited a positive response after initial periodontal therapy. It had been shown that conversion of BANA positive plaque to BANA negative plaque, leading to the reduction in the need of surgical intervention was significantly modified by certain host factors. These host factors are host immune responses or patient\'s ability to maintain the oral hygiene at an optimum level. All these intrinsic and extrinsic host factors determine the tooth site-specific response to a certain extent.\[[@ref12]\] These possible factors might have allowed sudden growth of micro-organisms in the periodontal pocket and resulted in positive BANA reaction.

Thus, the ability of BANA to detect a particular threshold of anaerobic periodontopathic bacteria was found to be a valuable diagnostic tool for screening the individual at risk for an anaerobic infection and also as an objective indicator of periodontal disease activity that could be used in combination with the clinical criteria both to initiate therapy and as a means to monitor the efficacy of treatment.

Further research direction regarding the use of this test may include: (1) Studies to monitor the efficacy of selected clinical or antimicrobial procedures. (2) As prospective cohort studies, where risk indicators such as positive BANA test and subsequent development of clinical disease could be followed throughout time. (3) School-based screening programs to identify risk groups for periodontal diseases at an early age.

CONCLUSION {#sec1-5}
==========

From the observation of the study, following the conclusion was drawn suggesting that BANA-Enzymatic test™ may be a potential diagnostic tool, which could be employed:

As a reliable indicator of BANA positive species in dental plaqueAs a simple, chair side test to detect a BANA hydrolyses from *P. gingivalis*, *T. denticola* and *T. forsythia*, anaerobic bacteria associated with adult periodontal diseaseAs an objective means of determining diseased sites, requiring some form of periodontal treatmentIt also helps in the different treatment options: Either the traditional approach of surgery or extraction of hopeless teeth or an approach based on an antimicrobial strategy.
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